Objective: Physical activity (PA) adoption can improve quality of life (QOL) and related outcomes among breast cancer survivors. To disseminate a telephone-based PA intervention to cancer survivors, we partnered with the American Cancer Society's Reach To Recovery program (RTR) whose volunteers (breast cancer survivors) provide information and emotional support to breast cancer survivors.
Background
Breast cancer is the most common cancer among women and its 5-year survival rates exceed 90% [1] . There has been increased interest in promoting moderate-to-vigorous physical activity (MVPA) through on-site, home-based (delivered by print, telephone calls, etc.), and combined programs [2] and there is evidence of improved psychosocial functioning (e.g., reduced depressive symptoms and improved quality of life) (QOL) among cancer survivors with increased MVPA [3] [4] [5] [6] . The effects of physical activity (PA) on fatigue among cancer survivors are somewhat mixed [7, 8] . A majority of studies promoting PA have been conducted in research settings and trained research staff delivered the interventions. It is timely to consider extending the reach of these interventions to the community for wider application and to enhance dissemination.
One such approach is the use of peer-led interventions that have been effective with chronic disease management [9, 10] to scale up interventions and potentially to reduce intervention costs. Other advantages of peer-led interventions are that participants may be more receptive to advice and assistance provided by someone 'like' them (e.g., age, disease condition, etc.). There is a small body of literature that demonstrates that peer-led interventions are effective in increasing PA in non-cancer populations [11, 12] , and a recent review concluded that peer mentors are an under-utilized approach to PA promotion [13] . There are theoretical bases for the potential advantages of peerdelivered PA programs in that behaviors such as PA can be learned by observing and imitating other (modeling effects) and feedback and reinforcement from others can strengthen self-efficacy (social cognitive theory) [14] . Also, reinforcement, modeling, and mastery of skills by others can enhance the perception of competence, which is central to several theories of motivation such as selfdetermination theory [15] .
We completed a randomized controlled trial (RCT) in which volunteers with the American Cancer Society's Reach To Recovery (RTR) program delivered a 12-week PA counseling intervention (PA Plus RTR) versus contact control (RTR Control) to 76 breast cancer survivors in New England. Effects on self-reported and objective accelerometer data showed that the group that received the intervention significantly increased their MVPA at postintervention (12 weeks) and at 24 weeks [16] . Although the primary goal of the trial was to examine the effects of PA counseling delivered by the American Cancer Society (ACS) volunteers (coaches) on MVPA (results previously published, [16] ), we were also interested in exploring potential QOL benefits of the peer-led intervention as secondary outcomes.
Consistent with the literature [3] [4] [5] [6] [7] [8] , our hypothesis was that the group receiving the PA counseling would report improved functioning in the psychosocial domains (specifically, mental and physical health, physical functioning, fatigue, and QOL) compared with the contact control group at 12 weeks and 24 weeks. In addition, we were interested in examining potential moderators of these intervention effects, which are as follows: age, marital status (partnered vs not partnered), use of chemotherapy, and baseline values of the QOL outcomes. These variables were selected because prior research indicates that they influence PA intervention effects on QOL [7, 17] .
Methods

Study design
We compared the effects of PA Plus RTR versus RTR Control offered by RTR volunteers among breast cancer survivors in an RCT. Participants' PA and other outcomes were assessed at baseline, 12 weeks, and 24 weeks. The study received approval from the Institutional Review Boards at The Miriam Hospital (RI) and Women & Infants Hospital (RI).
Recruitment of American Cancer Society's Reach To Recovery volunteers/coaches
We recruited and trained 18 RTR coaches in the ACS New England Division. ACS staff recruited these coaches from among 335 RTR volunteers through email, print mailings, and personal contact. Thirty one volunteers expressed interest in the study, 28 were screened for eligibility, and 18 coaches completed training (64%) (mean age = 54.89 years, SD = 7.76, mean 7.00 years post-diagnosis, mean 4.47 years volunteering with RTR, 95% White, 90.5% with some college education, and 33.3% employed full time) [16] . All coaches completed informed consent procedures.
Eligibility criteria
To be eligible, coaches should have completed RTR training and have been an RTR volunteer for at least a year. They had to be willing to (a) participate in group training, (b) provide coaching to 4-5 participants, (c) be supervised by telephone, and (d) audiotape telephone contacts with study participants.
Training of coaches
Training was conducted in small groups either in-person or using video-conferencing. The four session training program (approximately 2 h per session) consisted of didactics on the PA program, intervention theory, monitoring patient safety, and issues relevant to human subjects' certification and Health Insurance Portability and Accountability Act (HIPAA) requirements. The coaches received training in delivering the RTR Control condition as well as PA counseling and participated in role-plays to train skills such as showing empathy and reflective listening. The intervention was based on the transtheoretical approach and social cognitive theory [14, 18] . To guide participants to become physically active, the coaches were trained to assess current MVPA and motivational readiness, identify barriers to MVPA, problem solve these barriers (social cognitive theory) [14] , and negotiate PA goals for the following week (tailored to participant's motivational readiness) [18] . The coaches were also trained to guide participants to exercise within the recommended range of intensity (55% to 65% estimated maximum heart rate). In the event of health symptoms related to exercise, coaches were trained to suspend the MVPA program for RTR Plus PA participants until medical clearance was obtained. If participants became distressed, coaches were trained to notify research staff so that appropriate referrals could be made.
Participants
Eligibility criteria for participants included the following: (a) aged ≥21 years and diagnosed with Stage 0-3 breast cancer in the past 5 years, (b) completed surgery (patients receiving on-going chemotherapy, radiation, or hormone treatment were eligible), (c) able to read and speak English, (d) able to walk a half-mile without stopping, (e) sedentary: <30 min/week of vigorous PA or <90 min/ week of moderate-intensity PA for the past six months, and (f) access to a telephone and were willing to receive calls. Other medical or psychiatric problems (e.g., myocardial infarction and orthopedic problems) that might interfere with protocol adherence were exclusion criteria.
Participant recruitment
Participants were chiefly recruited through print mailings sent by the Senior Operations Vice-President for Health Initiatives at the ACS to breast cancer constituents on mailing lists maintained by the ACS in six states (n = 8111), electronic newsletters sent by the ACS, recruitment at ACS sponsored events in RI, and referrals from RTR coordinators. We also recruited via informational mailings by three hospitals and three private practices. Power analyses for the primary outcome (MVPA) showed that 108 participants were needed for the trial before attrition (99% power to detect differential change on MVPA at 12 weeks and 80% power at 24 weeks at a multiplicity-adjusted significance level α = 0.025). The power estimates were based on the assumption that participant outcomes were independent within each ACS office.
Potential participants contacted the study staff using a toll-free number. Following a phone screen for eligibility, written informed consent was obtained and medical clearance for study participation was also obtained. In total, 595 potential participants were contacted, 304 were ineligible at initial contact or phone screen (51.1%), 123 were not interested (20.7%), and 168 were eligible at phone screen (28.2%). Reasons for ineligibility have been described previously [16] . Of the 168 potential participants, 31 were no longer interested, 61 became ineligible, and the remaining 76 were eligible and randomized (76/168 = 45.2%).
Intervention delivery
After baseline assessments were completed, the sample was stratified by age and whether or not they had received chemotherapy, and then randomized to a study group. The Intervention Coordinator assigned participants to coaches based on scheduling availability and similarity of cancer treatment(s). Each coach was asked to contact her participant in PA Plus RTR or RTR Control once a week over 12 weeks and audio-tape the calls.
Physical activity plus Reach To Recovery group
The PA intervention that had been previously tested [19] consisted of telephone-delivered counseling tailored to participants' motivational readiness [20] . Participants also received a pedometer (Digiwalker) and a heart rate monitor with instructions to use these during PA. Participants were instructed on maintaining PA logs (type of MVPA, duration, heart rate, rate of perceived exertion, and pedometer steps) to facilitate self-monitoring (a technique from social cognitive theory and the transtheoretical approach) [14, 18] . During the weekly calls, coaches were asked to build a supportive relationship with participants while assessing their motivational readiness, monitoring PA, identifying and problem solving barriers to PA (techniques based on constructs from social cognitive theory and the transtheoretical approach) [14, 18, 20] , and identifying health concerns. The overall goal was to encourage participants to gradually increase the amount of MVPA (e.g., brisk walking) over 12 weeks to recommendations of ≥30 min. of moderate-intensity PA on most days of the week [21] . As is typical of the RTR program, coaches responded to questions that participants asked about breast cancer and its treatment and provided informational and emotional support. At Week 2, 4, 8, and 12, each participant received a PA feedback report. Participants were also provided 12 exercise tipsheets that focused on PA topics and RTR informational booklets.
Reach To Recovery control group
These participants were provided RTR informational booklets and coaches provided information and support for participants' questions and concerns about breast cancer. During their weekly calls, the coach also administered the Weekly Symptom Questionnaire [22] that assesses problems such as headaches. The participants were asked not to join a structured program of MVPA during the 12-week intervention phase. After completing assessments at 24 weeks, they were provided the same PA tipsheets as those sent to the PA Plus RTR group.
Participant measures
At baseline, we obtained demographic information from participants and disease and treatment variables from medical records. A research assistant (blind to the participant's group assignment) was responsible for collecting all data by mail or by telephone. Participants received small incentives (e.g., $20 gift cards) for completing the assessments, which included the following:
1. MOS 36-Item Short Form Health Survey (SF-36) [23, 24] assesses eight health concepts (e.g., physical functioning, bodily pain). We obtained the Physical Functioning (PF) and Mental Health (MH) scores as well as overall physical and mental health as assessed by the Physical Component Summary (PCS) and Mental Component Summary (MCS) scores, respectively. The SF-36 yields continuous variables that ranges from a low score of 0 (e.g., poor functioning) to a high score of 100 (no limitations, high functioning) on each subscale. The PCS score was obtained by multiplying each subscale z-score by a physical factor score coefficient and summing the eight products. Similarly, the MCS score was obtained by multiplying each subscale z-score by its respective mental factor score coefficient and summing the eight products. 2. Functional Assessment of Cancer Therapy ScaleFatigue (FACIT-F). This 13-item scale is a brief, reliable, and valid measure of the physical and functional effects of fatigue [25] . The range of scores is 6 (high fatigue) to 52 (low fatigue). 3. Functional Assessment of Cancer Therapy Scale for Breast Cancer (FACT-B) is a 55-item scale that assesses QOL and is reliable and valid [26] . The range of scores is 0-144, with higher scores indicating a better QOL. We also examined the FACT Breast Symptom Index (FSBI) that contains 10 items such as 'one or both of my arms are swollen or tender'. The range of scores is 0-36 with higher scores indicating fewer concerns specific to breast cancer. 4. Seven-Day Physical Activity Recall (7-Day PAR) [27] . This interviewer-administered measure [28] assesses hours spent in sleep as well as moderate, hard, and very hard activity (leisure and occupational) over the past week. The effect on weekly minutes of MVPA was the primary outcome in the trial.
Analyses
We obtained descriptive statistics of baseline demographics, medical history, and baseline QOL constructs summarized by group and aggregated across the sample. Although, between-group differences for baseline demographic and medical history variables have been presented elsewhere [16] , between-group differences in the baseline QOL constructs were tested using Analysis of Variance (ANOVA) for continuous measures. Using a series of generalized linear models, we tested the association between intervention and outcomes: PF, MH, PCS, MCS, FACIT-F, FACT-B, and the FSBI at 12 and 24 weeks, adjusting for baseline value of the outcome. As a subsequent step, we tested whether key baseline variables (age, chemotherapy use, partnered versus not partnered and baseline values of the outcomes) were moderators of the intervention effects on QOL outcomes at 12 and 24 weeks, using a similar modeling approach, which also adjusted for baseline values of the outcomes. That is, a series of generalized linear models were run, which included the main effect of the intervention, main effect of the potential moderator, and the interaction between the two (intervention*moderator). A variable was considered a moderator of the intervention effect if the interaction with the assigned intervention was significantly different than zero.
Generalized linear models take a likelihood-based approach to estimation and thus make use of all available data without directly imputing missing values. Thus, results presented are on the intent-to-treat sample, such that all participants randomized were included in the analysis.
Finally, to better understand the results of the various moderator analyses, we explored the association between baseline values of the significant moderator variables and mean MVPA (as measured by 7-Day PAR) at follow-up, using ANOVA, and the correlation between weekly minutes of MPVA and QOL variables at followup (for significant results only).
All analysis was carried out using SAS 9.3 with significance level α = 0.05.
Results
Seventy six breast cancer survivors were randomized to PA Plus RTR or RTR Control. Mean age of participants was 55.6 years at study entry and the majority of participants were diagnosed with Stage 1 or 2 cancer (Table 1) . There were no significant differences between groups at baseline with respect to baseline demographics, medical history, or QOL constructs. Unadjusted mean values of the QOL constructs over time are presented in Table 2 .
Results did not suggest intervention effects on changes in the QOL constructs from baseline to 12 and 24 weeks (p's > .05). However, moderator relationships were found, suggesting that differences between groups in mean QOL scores at follow-up (controlling for baseline), depended on the value of the moderator. There was a significant intervention effect on PF at 12 weeks among those with poorer physical functioning at baseline (b treatment = 40.65, SE = 15.46, p< .01, b base x treatment =À0.50, SE = 0.19, p< .01), a significant effect on the PCS score at 12 weeks among (Figure 1) . Figure 1 presents the baseline value (x-axis) by predicted outcome value (y-axis) separately for each study group. In each case, the lines cross thus showing that the effect of the intervention on the outcome depended on the baseline value of the moderator and the relationship changed over the range of the moderator variable. There were no significant moderator effects of baseline value on the MCS score, MH, FACIT-F, or FACT-B.
Further exploration of these effects suggested higher minutes/week of MVPA at 12 weeks among those with lower PF at baseline (p < .01), as well as higher mean minutes/week of MVPA at 24 weeks among those with higher scores on the FSBI at baseline (p < .01). In addition, there was a trend towards a significant correlation between minutes/week of MVPA and both PF and FSBI at each follow-up (rho's ranging from 0.2 to 0.3 and p's from 0.08 to 0.10).
Finally, age was a significant moderator of the intervention effects on PF at 24 weeks (b treatment = À35.48, SE = 16.37, p =0.03, b age x treatment =0.62, SE=0.29, p = 0.03) such that for those over 57 years, mean physical functioning was higher for those randomized to PA Plus RTR versus RTR Control (Figure 2 
Conclusions
Prior research concluded that PA interventions with breast cancer survivors show small-to-moderate effects on fatigue and overall QOL [29] . While these findings are promising, the authors called for the use of standardized measures and the investigation of potential moderators of the effects of PA interventions in future research. In addition, more research is needed to evaluate the impact of peer-led PA interventions. To address these issues, we explored the impact of a peer-led PA intervention on QOL outcomes and potential moderators of intervention effects.
The primary finding of this study was that, contrary to our hypotheses, the peer-led PA intervention did not lead to significantly greater improvement in QOL outcomes for the PA Plus RTR arm compared with the RTR Control group. These findings are somewhat inconsistent with several meta-analyses and reviews [5, 29, 30] , which generally conclude that PA interventions do have a positive, albeit small-to-moderate impact on QOL. It may be that our intervention was simply not strong enough to impact these outcomes. Indeed, we set a target level of 150 min/week of MVPA for the PA Plus RTR group. However, at 12 weeks, weekly MVPA participation in this group averaged only 120 min [16] . So, despite exercising more than those in the control arm, it is possible that the PA Plus RTR group did not meet a minimum threshold where QOL outcomes may be impacted. Such a result is a potential drawback of home-based PA interventions where there are fewer opportunities to help participants reach a specific level of exercise. It is also consistent with the results of several meta-analyses that concluded that on-site supervised exercise programs produced the largest effects on PA interventions on psychosocial outcomes [3, 4] . Secondly, our intervention was also not specifically designed to impact QOL outcomes. The RTR coaches were trained to be supportive and empathic to all participants regardless of group assignment. Indeed, the standard RTR program that was administered to both study groups includes an emotional support component. Hence, it is possible that the MVPA intervention did not significantly improve QOL outcomes over and beyond the emotional support and assistance that both groups received.
A third potential explanation for the lack of statistically significant main effects of the PA intervention on QOL outcomes is that we did not purposefully recruit participants with poor QOL. Although we did assess baseline levels of PA and included only those who indicated they were sedentary, we did not target those with poorer QOL. For example, the participants' mean baseline scores for PF (81.54), MH (75.51), PCS (49. 19) , and MCS (48.68) are comparable with the available population norms for these measures [31] . In essence, there may have been a 'ceiling effect' for potential improvement in these outcomes because the study participants had relatively good baseline scores and thus had little room to improve. This is consistent with previous literature that suggest that PA interventions intended to impact psychosocial outcomes need to be targeted to populations with the greatest need to realize the greatest impact [17] . Finally, it may be also be that because we powered for the primary MVPA outcome, our study was simply under powered to detect statistically significant effects of the intervention on QOL outcomes.
Despite these null main effects, consistent with the recommendations of Speck and colleagues [29] , we did examine potential moderators of the effects of the PA intervention on QOL outcomes. Previous research has shown that variables such as marital status, pre-intervention weight and physical health, baseline fatigue, and preference for exercise modality may moderate the effects of a PA intervention on global QOL outcomes [32] [33] [34] . Although we explored marital status in our analyses, we did not find it to have a significant moderator effect. As proposed by Kalter and colleagues [34] , it may be that the need for social support is greatest during active treatment: a majority of our participants had completed surgery, radiation, and/or chemotherapy. The results of our study did indicate that the intervention was most effective in improving physical functioning among those with poorer physical health and physical functioning at baseline.
At the same time, we also found that the intervention was more effective in improving managing breast cancer specific symptoms among those who reported significantly less symptom burden at baseline. This finding was noted only for the 13-item FSBI, as opposed to the total FACT-B score. These seemingly contradictory findings could potentially be a function of the constructs assessed by the respective measures. Specifically, overall physical health as measured by the SF-36 PCS score and PF subscale, assess an individuals' physical health status and conditioning (e.g., ability to climb a flight of stairs). In contrast, the FSBI assesses concerns about breast cancer-specific symptoms (e.g. pain, stiffness, numbness). Thus, it may be that the intervention is effective for those who are deconditioned and asymptomatic but not for those with persistent breast cancer symptoms. The clinical implication is that while PA interventions may be appropriately prescribed to increase MVPA in breast cancer survivors, additional targeting of deconditioned but asymptomatic survivors may be recommended if impact on QOL outcomes is a primary aim.
Finally, we also found age and chemotherapy to have significant moderator effects, with beneficial effects of the intervention for participants who, at baseline, were older (over 57 years old) and had received chemotherapy. As with the potential explanation for the lack of significant main effects in our study, it may be that those who are younger and who have not had chemotherapy had better QOL at baseline. As a result, there was less scope for the intervention to have a significant impact on their QOL. Our results are somewhat similar to a recent study on the effects of group-based aerobic and resistance training plus cognitive-behavioral therapy (versus wait-list controls), which found no moderating effects of age but did find that the intervention had a greater impact on global QOL among those survivors who received a combination of chemotherapy and radiotherapy, compared with those who received only one treatment modality [34] .
We recognize that others have examined the psychosocial effects of peers providing emotional support to cancer survivors [35, 36] . However, our study focused on the addition of an evidence-based PA program to an existent peer support program and hence, was not designed to assess the specific effects of peer support (because both groups received emotional support from the RTR coaches) on QOL.
To conclude, this study adds to the growing literature examining the impact of PA interventions on psychosocial outcomes. It raises interesting issues regarding the appropriate selection of study participants, sample size considerations, and the use of peer coaches to deliver such interventions. The majority of studies support the adoption of healthy lifestyles to improve cancer survivors' QOL. However, in order for clinicians to prescribe a peerled PA intervention for QOL benefits and to encourage community-based organizations to implement them, additional evidence is needed. Specifically, future research examining the role of PA interventions in QOL outcomes should consider the small-to-moderate effect sizes typically found in these studies and power on QOL outcomes during the study design phase. Designing studies that purposefully enroll survivors with poorer QOL may also allow for a closer examination of the potential for PA to positively impact these outcomes. Finally, additional research is needed to identify the mechanisms by which MVPA may impact QOL of breast cancer survivors.
